Trends in under-five mortality were favorable in Zambia in the twelve years following independence (1964)(1965)(1966)(1967)(1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975), as a result of favorable political and economic context and generous health, education and social policies, largely financed by the exports of copper minerals, the main economic resource of the country. In 1975, the international prices of copper decreased suddenly, and exports of copper continued to diminish in volume. This created a tremendous economic shock to the country, and seriously affected both the state budget and private income. During the long-lasting economic crisis, income per capita was strongly reduced, and most economic indicators collapsed or were strongly reduced as well:
Introduction
Many countries in the world underwent major transitions during the 20 th century: a demographic transition, dominated by steady mortality decline followed somewhat later by fertility decline, an economic transition symbolized by increasing income per capita, rapid urbanization and industrialization, and as a consequence, increased food availability and better nutritional status. These major phenomenon's were accompanied by major changes in levels of education and literacy, and by a variety of social changes. Some of the changes were primarily the product of economic and social policies (health, education, and housing), others were more the product of market forces, increasing economic activity, and internal as well as international trade. In the most advanced countries, economic and social changes took place together during the same period of time, and were very pronounced, such as in Western
Europe, in Northern America, and in some countries of the Far East and Southern Pacific.
Other countries underwent rapid social change without much change in income per capita, such as some of the former Socialist countries, whereas others witnessed rapid economic growth without much modernization at first, such as some oil exporting countries, although rising income almost always had social implications eventually. The situation in sub-Saharan
Africa since 1950 appears as contrasted as elsewhere (Gwatkin, 1983) . For instance, countries such as Kenya underwent slow but sustained economic growth, low level of urbanization, a large mortality decline until 1990, and major improvements in education, whereas Senegal underwent a major mortality decline without any significant change in income and minor improvements in level of education. In contrast, a country such as Botswana witnessed fast and sustained economic growth, rapid urbanization, a strong increase in level of education and fast mortality decline, until HIV/AIDS stroke the country in the late 1980's.
The situation of Zambia in Southern Africa appears quite atypical, and has drawn the attention of scholars on many grounds since it is a case of declining income per capita and rising under-five mortality, both trends opposite to expectations. For instance the Demographic and Health Survey (DHS) reports of 1992, 1996, and 2001 mention the situation of increasing under-five mortality long before HIV/AIDS became an important cause of death, one of the few such cases on the continent. Nsemukila (1994) analyzed extensively the trends in mortality, morbidity and their determinants over the 1965-1992 period, using survey data and data from the health information system. He identified the 1970's as the turning point in mortality trends, and argued that mortality increase was concentrated in urbanized areas (Copperbelt, Lusaka), and among working women, and women with some education.
He also pointed out the possible deterioration of the nutritional status of children. He attributed the rising trends in mortality to the worsening economic conditions, especially among urban dwellers, who were the prime beneficiaries of earlier public policies. Simms et al. (1998) and Simms (2000) have studied the reasons for the rise in childhood mortality in Zambia. They deny the rise in morbidity and the deterioration in nutritional status, and attributed the mortality increase primarily to decreasing income and its main consequence, the lower government health expenditures, especially in rural areas. Freund (1986a,b) has analyzed extensively the deterioration of the health system during the early years of the crisis (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) . He attributed the crisis to the decline in copper price since 1977, the rapid increase in the cost of production in the mining sector and the worsening of the balance of payments. This resulted in a decrease of foreign reserves, an increase of prices, a reduction of imports, a cut in government subsidies and expenditure, a rise in indebtedness, a reduction of government revenue and the devaluation of the local currency (kwacha). This situation had serious consequences for the health system in terms of health manpower, facilities per capita, morbidity, nutrition, health services expenditure, and availability of medicines. He pointed out that trends in health personnel were negative between 1981 and 1985, and in particular that a large number of physicians seem to have left the country in the early 1980's. His study also insisted on the effects of long term policies: the current economic imbalances seemed to stem from the pattern of colonization which focused on copper-oriented mono-economy, and neglected industrial and agricultural development. This situation resulted in an overurbanization and undermined rural economy due to adult male rural-urban migration. Kelly (1991) has studied extensively the Zambian education system. He also considers that falling copper prices in 1975 plunged Zambia into deep and serious economic difficulties, which affected all sectors including education. Consequently, there was a substantial reduction in expenditure per student, resulting in steadily diminishing funds for educational materials and supplies, leading for instance by 1985 to a depreciation of teachers real income to about 40
per cent of their 1975, a greater reliance on community for building and equipping schools, an increased calls on the private sector to participate in the provision of education, and a growing dependence on foreign aid for support to the education sector. His analysis indicates that the quality of the education declined, teaching and learning materials and school furniture were in short supply and were distributed unevenly, though the student's performance remained at a mediocre level and did not deteriorate. White et Nsovu (1997) did a comprehensive study of mortality trends and determinants in Zambia. They document the rise in mortality, which they locate from the mid 1970's to the mid 1990's. They found a narrowing of mortality differentials between urban and rural areas, and argue that the rise in mortality affected primarily the more advantaged groups. They acknowledge the role of HIV/AIDS, especially in urban areas, though argue that other causes could explain the rise in mortality in the countryside. They recognized that chronic malnutrition among children has increased from 1992 to 1995, and probably from 1970 to 1990, though to a lesser extent than expected from the decline in income. But they found that malnutrition was declining as a recorded cause of death. They attribute increasing mortality from diarrheal diseases to repeated outbreaks of cholera and dysentery in the mid 1980's and early 1990's. They argue that the increase in malaria morbidity and mortality could be explained by a decline in control measures after 1964, by the appearance of new opportunities for the mosquitoes in shanty towns and among recent urban settlers, by an erratic antimalarial drug supply, and the emergence of drug resistant malaria strains. Analysis of other determinants and differentials gave mixed results, with classic relationships with mother's education and a significant effect of immunization of mother and child on under-five mortality. There main conclusion, however, is that mortality rise "will not be catered for by Zambia's faltering growth performance".
This paper is an attempt to analyze more systematically the under-five mortality trends in Zambia, and to study the broad economic, political, epidemiological and social contexts that explain the mortality increases and declines. The approach followed focused on long term trends over the 1960-2000 period. In order to do so, we gathered all available information, primarily quantitative but also qualitative, about trends in economic, demographic and social indicators and tried to place this information in a broad context of economic, political and social change. The links between the variables were also investigated using a variety of econometric models. Authors had access to a variety of published and unpublished material, and one of them (EG) had the opportunity to visit Zambia, where he had talks with a number of persons knowledgeable in local statistics and in the country complex situation. This study is part of a larger program aiming at documenting and analyzing reversals in mortality trends in Africa conducted by the same authors. Changing trends in under-five mortality have already been noted by the Central Statistical Office (CSO): they were significant in both the 1992-DHS, the 1996-DHS and the 2001-DHS, and are also visible in the estimates published by the World Health Organization (Ahmad et al. 2000) . We reconstructed the trends in under-five mortality by analyzing death rates by 2-year period and by merging the data of the three DHS surveys. Details of the method for reconstructing under-five mortality trends were presented elsewhere (Garenne & Gakusi, 2003) . Results reveal the times at which reversals in mortality trends occurred (figure 1). (from 1958-1975 to 1975-1993) was highly significant (P< 10 -10 ), as well as the second (1975-1993 to 1993-2001: P< 10 -7 ). 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 Year q(5) / 1000
Demographic trends
Part of the increase in mortality in the 1990's could be attributed to the impact of pediatric AIDS. Details of the computation of the mortality impact of HIV/AIDS on underfive mortality were given elsewhere (Garenne and Gakusi, 2003 would make the mortality slope without AIDS in the 1990's even more significant (see figure   1 ). 1975 and 1990 , and tended to decline thereafter, though this trend was compounded by the rising effect of AIDS on underfive mortality, which prolonged the all causes mortality increase until 1993 (table 1). The rise in under-five mortality was more pronounced in urban areas (logit slope = +3.2%) than in rural areas (logit slope = +0.9%), the difference being highly significant (P= 1.2 10 -5 ), and the decline in mortality after 1993 was more pronounced in rural areas (logit slope= -4.3%) than in urban areas (logit slope= -0.1%), the difference being again significant (P= 0.020 (Daloz and Chileshe, 1996) .
Economic policies and economic downturns
Economic policies
The first government after independence, directed by Kenneth Kaunda, had in mind to correct what was seen as the errors of the colonial policies. It followed an "African Socialism" line, aiming at correcting economic inequalities, and redistributing equitably the wealth of the country (Burdette, 1987) . The official policies were "state control" of the economy, and the monopoly of political power by the single UNIP party. The ideology behind state control was a quite popular economic paradigm at that time, and was based on the concepts of imperfect markets, lack of a class of local entrepreneurs, and lack of national financial capital. Therefore, the state was viewed as the leading economic actor, sole able to mobilize resources for promoting development, and to control production, prices, credit, domestic and international trade (Srinivasan, 1990; Coussy, 1991) . The government did seek aid and directions from the socialist countries, in particular China, Yugoslavia, and Warsaw
Pact countries (Scott, 2001 ).
Control of the economy started in 1968, after the so-called Mulungishi declaration.
The idea was to control all major sectors of the economy, production and distribution, including retail trade in urban and rural areas. The first parastatal companies, in which the state was the dominant stakeholder, were created in 1968 -1969 (Turok, 1989 . By 1969, the state had a participation of at least 51% in the major mine companies, which were the backbone of the economy (Anglo-American Corporation and Roan Selection Trust in particular). By 1972, only 5% of the industrial capital was owned by independent entrepreneurs, primarily in small enterprises, and in the 1980's the state controlled directly 80% of the economy (Turok, 1989; Dubresson 1996) .
In 1969, the government created the National Agricultural Marketing Board (NAMBOARD), through which the state could control agricultural production and trade through a network of cooperatives spread all over the country. In return, the state was providing inputs (seeds, fertilizers etc.), was organizing storage, and was providing subsidies when needed. In addition, prices given to producers were fixed, as well as prices of some vital consumer goods such as maize, oil, salt, milk and soap. In 1975, the "Conversion of Titles
Act" permitted to nationalize all agricultural land. By that time 97% of peasants had yet no property rights, which is considered a major handicap for future development and agricultural productivity, because there is no incentive to investment (Adams, 2003) . In addition, for the first 10 years of his rule, the government promoted massive social investments, in health, education and housing in particular (see below), financed primarily by high copper prices on the international market.
By the early 1980's, the government started to change the main orientation of its economic policies, primarily to answer the difficult situation on food markets since state control was initiated, and the growing discontent of the population (Rakner et al. 2001; Seshamani, 1992) . In 1982, the IMF and the World Bank were asked to help setting up a first Structural Adjustment Plan (SAP), which was planned for the following three years (1983) (1984) (1985) . The Kwacha was devaluated twice by 20% in late 1982 and late 1983, prices for food products were liberalized, some of the subsidies were suppressed, urban wages were blocked, and recruitment in the public sector was halted. In 1985 further measures were taken for international trade: import quotas were lifted, and tariffs were aligned on international standards. However, the government stopped this first attempt at liberalizing the economy on to 1974 (246 USD per ton), year at which the highest price was recorded (Makridakis, et al., 1998) . Thereafter, the price of copper on international markets dropped to a low 118 USD per ton in 1997. Price of the Zambian copper followed the same pattern, leading to a major drop in GDP in the country.
In addition to prices, copper production also went down. In fact, copper exports in volume were declining since independence, and over the whole period the decline was The situation after 1992 is more contrasted. Although copper prices and production continued to decline, as well as state budget, some of the indicators recovered a positive path.
For instance, the real value of state expenses in health increased by 2.4% a year after 1992, imports of good and services also (+2.3% a year), as well as per capita food production (+1.6% a year), maize production (+2.6% a year), imports of agricultural goods (+17.2% a year), imports of pharmaceutical products (+7.6% a year). All of these, both in food availability and health services and goods, could have a positive effect on mortality indicators, and explain the mortality decline after 1991, once the net effect of HIV/AIDS is discounted.
Social policies

Health policies
During the colonial period, the health system in Zambia appeared somewhat more complex, and more developed than elsewhere in Africa, because of the revenues of the mines.
The mining sector was running a comprehensive system of hospitals and health centers, for blacks and whites separately. The public sector was present primarily in urban areas, and (1985) , and control of diarrheal diseases (1985) . With the appearance of HIV, a National AIDS Prevention and Control Program was set up in the mid 1980's. In addition, special project for community outreach programs were developed, and the "Bamako Initiative" was adopted in late 1980's. Therefore, there was no shortage of efforts during the main crisis years (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) . However, several authors mention problems with drug availability in the public clinics during this period, as well as lack of personnel due to departures of physicians and nurses (Freund, 1986a and b; Kalumba and Freund 1989, Kasonde and Martin, 1994) .
With the new government, the National Health Policies and Strategies were revised in 1991. (Møgedal et al. 1995; Atkinson, 1997; Blas and Limbambala, 2001 a,b; Kalumba, 1997) The new system focused on decentralized and district based health system. The financing was changed, with cost sharing for health care and user fee introduced in 1993. A prepayment scheme was developed for hospitals, though hospital care remained free for under five children and the elderly. The medical supplies were reorganized, and according to witnesses improved in the 1990's. The training effort was maintained, and quality assurance was reinforced. In addition to routine EPI, National Immunization days were introduced in 1991 (White & Nsovu, 1997) .
Education policies
In the first phase of colonization, education was run primarily by missionaries, as elsewhere in Africa. With the first development program (1947) (1948) (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) ), a public infrastructure of primary and secondary schools was developed, and by 1964 the average level of education in Zambia was among the highest in Africa, slightly higher than that of Kenya, though the country had very few university graduates. During the first 10 years of his rule, Kaunda continued to promote public education, and the level of education continued to increase rapidly. He also started the University of Zambia in 1966 . From 1964 to 1975 , primary school enrollment increased by 7.8% a year, and from 1970 to 1975 secondary school enrollment increased by 6.6% a year, much faster than the population growth rate. However, by 1975 trends were reversed. The rate of increase of primary school enrollment (3.1% in 1975-1980) hardly matched that of the population in age of schooling, and likewise for secondary school enrollment. As a result, the level of education stopped increasing. We built an index on primary school enrollment in grade 7, based on the population aged 10-14 (figure 5). The index was rising fast before 1975, then stagnated for about 10 years and tended to decline between 1984 and 1994. Similarly, using DHS data, we computed the mean number of years of schooling for adult women by birth cohort. This number increased from 1 year schooling on the average for women born in 1940 (age 15 in 1955) to 5.8 years schooling for those born in 1960 (age 15 in 1975), but was basically the same 20 years later: 5.9 years schooling for women born in 1980 (age 15 in 1995), whereas during the same period it increased from 5.6 to 7.5 years of schooling in Kenya. Another indicator of the difficulties of schooling in Zambia is the rate of passing from primary to secondary school (grade 7 to grade 8): this rate dropped from 22% in 1970-1974 to 17% in 1975-1983 , and was restored only later (28% in 1984-1994). Children pri mary school enrolllment (period) Kelly (1991) has analyzed in-depth the difficulties of the education sector in Zambia during the main crisis years (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) . Kelly presents numerous evidence of the effect of the economic and financial crisis on public education, which he attributes almost entirely to the fall in copper prices in 1975. In particular, mean public real expenditure per student declined, teaching and learning material became in short supply, and most important real income for teachers dropped by about 40% of its 1975 value. As a consequence, some teachers started other jobs, and the quality of teaching declined. Student's performances deteriorated somewhat in the terminal primary school examination. The economic crisis also undermined the faith people had in the public education system. The difficulties in financing the public sector were only partly compensated by private funding. More and more families were asked to contribute to the education costs, with increasing difficulty for the poorer people. Foreign aid also contributed to fill the gaps, though was mostly directed towards secondary schools and the university. The situation seems to have improved since the late 1980's: the number of teachers is increasing, school enrollment is catching up, though there are questions about the quality of the education. It should be noted that the timing of the crisis in the education sector matches quite closely that of the mortality crisis, underlying the same factor: the financing of the social sector.
Epidemiological evidence
Malnutrition and food availability Data on malnutrition of young Zambian children are limited, and some are controversial (Bloom, 1996; Hunt et al. 1994) . Three sources of data could be used: DHS surveys, the health information system, and special surveys. The three DHS surveys Hanmer and White (1999 ), with estimates for 1972 , 1974 , 1980 , and 1985 , although we could not locate the original source. Available evidence indicates a high level of stunting among children, and some evidence of increasing stunting among children from survey to survey (table 3) . Comparing estimates of stunting among rural children in 1971 with those of the DHS surveys indicate a steady increase in stunting, from 38. 0% (1971) to 46.3% (1992), 48.7% (1996) and 51.3% (2001) . Comparison with data from other surveys tend to indicate even higher levels of stunting, though are not fully comparable with DHS data. Data from the health information system also indicate an increase in malnutrition. Compared to the population under age 15, the number of outpatients consulting for malnutrition increased by 37% from 1976 to 1992. Hospital admissions for malnutrition increased by some 50% between 1976 and 1986, and hospital mortality from malnutrition doubled during the same period. Two years had outstanding number of hospital admissions for malnutrition: 1983 and 1984 (+61%), which were years of drought throughout Africa, and in particular in Zambia. Other more recent drought years (1992, (1994) (1995) did not show the same increase, which emphasizes the acuteness of the 1983-1984 crisis. 1976-1986, and 1982-1992 ; DHS reports.
We re-analyzed the data on nutritional status for adult women and young children using data from the 1992 and the 1996 DHS survey (figure 6). 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Year of birth (cohort) Height ( showed some resistance to chloroquine (RII or RIII level) and 41% experienced clinical failure to the treatment (Ettling et al., 1997) . A more recent study showed that malaria strains became resistant to other treatments such as Sulfadoxine-Pyrimethamine in the late 1990's (Bijl et al. 2000) .
The Ministry of Health of Zambia publishes causes of death statistics for selected causes among deaths notified in hospitals and health centers (Republic of Zambia, Bulletin of Health Statistics, 1994 and . The only disease among children that shows an increasing trend, and faster than the trend in overall mortality, is malaria. Notified malaria deaths among children increased by 6 fold between 1976 and 1992, when population increased by 45% and mortality by 31%. The increase in malaria mortality per population is different from other causes, such as pneumonia and diarrhea which approximately follow the increase in all causes mortality, or from causes such as malnutrition and measles which became even lower in proportions. Given the increase in under-five mortality, malaria mortality seems to have increased by 3-fold over the period, and its share of the total number of deaths could have increased from some 4% to some 15%. This implies that the increase in malaria mortality could explain some 18% of the total increase in under-five mortality for all causes. The increase in malaria mortality may be attributed primarily to resistant malaria, and therefore is probably somehow independent from the economic and socio-political crisis, though its effect might have been enhanced by the crisis. When compounded to the net effect of HIV/AIDS, the effect of emerging and re-emerging diseases explains a significant part of the mortality increase (15% for HIV/AIDS in 1992 and 18% for malaria), and the net effect of the economic crisis appears therefore as about one third lower than predicted solely by the overall mortality increase. Following these assumptions, we estimated that notified malaria deaths for children in hospitals and health centers could account for some 40% of all children malaria deaths in the country, a remarkable result compared to other causes of death. This justifies a posteriori the use of these official statistics for our analysis, since coverage is relatively large compared to other African countries.
Vaccination
There is no doubt that vaccination coverage increased during the 1980's and 1990's in Zambia (Fussum, 1994) . Vaccinations certainly contributed to the mortality decline for causes other than HIV/AIDS in the 1990's. 1960-1975 1975-1988 1988-2000 In the last period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , the mortality decline was not associated with income, which continued to decline, or health expenditures which were quite stable, and was affected only mildly by imports of medicines, the net effect (-8 per 1000) of which being small compared to baseline value of 171 per 1000 and a trend effect of -67 per 1000. The changes in mortality in 1960-1975 and 1975-1988 1984 and 1990 (179 to 140) , then steady levels again until 1998, therefore missing precise dates of changes. This is probably because this model puts too high a weight on copper prices, which seems to play no role in the recent period.
Econometric analysis
Last, we investigated time series analysis, to take into account possible co-integration of variables with time. We first discounted for the time trend, and regressed the residuals on GDP-PPP, health expenditures and medical imports, allowing for an autoregressive term with lag (t-1). Only the first variable came out significant, which suggest that the other two were structurally linked to income. In the final model linking the residuals of observed under-five mortality minus the time trend to GDP-PPP, we found a negative coefficient of GDP-PPP (b= -0.023, P= 0.037), meaning that an increase in income will lead to lower values of under-five mortality than expected from the underlying trend, and a strong autoregressive term (ar(1)= 0.91, P= 1.26E-26). However, when used for forecasting, the model failed to fit the reversals in mortality trends, and led only to lower than expected values of q(5).
Urban / Rural Differentials
Several authors have noted the divergence of mortality trends between urban and rural areas. In our analysis, the overall trends were the same, with declining mortality in both areas in the first period, increases in the second period, and decrease in the third period. The turning points (1975 and 1992) were basically the same in the two areas, the data being not precise enough to make an assessment more accurate than 2-years. Mortality decline was faster (logit slopes of -8.3% and -5.0% respectively, P=0.047) in urban areas during the first period (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) ; mortality increase was more pronounced (logit slopes of +3.2% and +0.9%
respectively, P= 0.0001) in urban areas during the second period (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) ; and mortality decline was faster (logit slopes of -4.3% and -0.1% respectively, P=0.020) in rural areas during the third period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , so that by the end of the period, mortality levels were similar in the two areas. The same was true even after discounting for HIV/AIDS. It is beyond the aim of this paper to conduct a full analysis of urban / rural differentials, not counting the fact that most data used for the national analysis are not available for the two areas separately.
However, the gaps identified in the demographic analysis seem to match what is known about the main determinants of mortality changes. In the period before 1975, most investments were directed towards the urban areas, which also benefited from much higher income and government subsidies. During the crisis years, the urban poor seem to be have been the ones who suffered the most, and the urban population was probably more affected by the problems of the health sector. During the recovery period, the rural population seems to have benefited more from the structural adjustment programs, and rural poverty declined somewhat whereas urban poverty was still increasing in the 1990's. Many of the health programs in the 1990's, in particular vaccination programs and development of health infrastructure, are likely to have benefited more to the more deprived rural areas.
Discussion
Zambia can be considered as a quasi-experimental case-study to evaluate the effects of rapid changes in income on the social sector, and in particular on under-five mortality. Our analysis shows that a serious shock such as a decline in income of about 30% in a period of 17 years (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) has serious consequences on most economic and social indicators, and lead to increasing under-five mortality, and to halting improvements in levels of education. This can be easily understood by the changes in real value of the state budget spent in health and education. However, the social system appears resilient in the long run, and coping mechanisms were obviously found in Zambia, since continuous decline in GDP in the 1990's did not produce a steady increase in under-five mortality or a steady decline in levels of education.
With respect to under-five mortality, the main focus of this study, the determinants of changes have to be analyzed in a health transition framework. Under-five mortality is primarily the product of public health policies, curative medicine and nutrition. Cases of fast mortality decline without increase in income are numerous in the world, although when income rises, usually enough money is put in public health, medicine and nutrition. In the case of Zambia, mortality increase during the 1975-1992 period appears primarily as the result of the change in income, which had effects on health services and on nutrition. Decline in income also lead to the departure of physicians and nurses, in particular in the public sector, who could find higher income in neighboring countries. In addition, this period was also affected by increases in malaria mortality, and by the emergence of HIV/AIDS, for independent epidemiological reasons. The effects of the external economic shock, the decline of copper prices on the international market, shows the vulnerability of the state in a country like Zambia, which depended largely on a single export commodity (Bigsten and Kayiwwi-Mugerwa, 2000; Bigsten 2001; Fardi 1991; Bates and Collier, 1993; Guillaumont, 1999; Combes and Guillaumont, 2001) . A strong shock had rapid effects, within a year or so, on health indicators, education, and nutritional status, and effects lasting for some 15 years. This large effect is due to the strong dependence on one single production good. This is the result of colonial policies, which aimed primarily at fast benefiting from extracting minerals, and from policies during the early years after independence, which failed to address the broader issue of economic development, and in particular agricultural and industrial development, and relied too much on earlier choices. By over-using revenues from mineral exports, the Zambian government put itself in a vulnerable situation. In this type of situation, any shock would be likely to have large effects, as was the case, for instance, of cotton in Egypt in the 19 th century or uranium prices in Niger in the 1980's (Deaton, 1999; Collier, 1991; Collier and Gunning, 1999a,b) . Reactions to the 1975 shock appeared also inappropriate, since the government expected later increases in prices, which never came, and borrowed money on international markets, adding to the national debt and to the vulnerability. Such reactions were not typical of Zambia, and even the World Bank made major errors in forecasting prices of commodities in the 1970's and 1980's (Deaton, 1999) .
Resilience of the system and its capacity of recovery are more important, and more informative for future action. Despite declining income, the Zambian government found a way of coping with the difficulties. By implementing new policies, and by continuing its effort in medical training and in medical infrastructure, it was able to continue the health transition. In particular, structural adjustment policies appeared to have had positive effects on health indicators. We found similar evidence in other African countries, such as Madagascar, Uganda, Ghana, and Mozambique, where under-five mortality resumed its decline after structural adjustment policies were put in place, when it was increasing before. Details of the mechanisms could be analyzed more in depth, but it is quite clear that access and use of health services and medicines consumption did improve in these cases after SAP were put in place, and despite negative effects such as increasing urban poverty.
Some authors have put a large emphasis on epidemiological factors in the case of Zambia. We found a large effect of HIV/AIDS, though not large enough to inhibit the mortality decline in the 1990's nationwide. Of course, the net effect of HIV/AIDS on mortality trends depends on the underlying level of mortality. When mortality gains due to the health transition become lower than the mortality losses due to HIV/AIDS, mortality increases, at it is the case in nearby Botswana. In Zambia, the underlying mortality level is still above this threshold, though probably not for long. The AIDS epidemics is raging, and its full effect is going to be seen in the coming years. Combined with declining mortality for other causes could well lead to another reversal in mortality in the near future, unless proper measures are taken to limit mother to child transmission of HIV and to treat infected mothers.
Malaria did play a role in the mortality increase of the 1980's, though according to our calculations had only a minor effect. Proper prevention and treatment of resistant malaria is still not resolved in sub-Saharan Africa, and also could also lead to mortality increase in the future. Some other authors have pointed out the possible role of cholera. We found little evidence that cholera could have played a role here. According to cases notified to the World Health Organization, three major epidemics stroke Zambia in 1978 Zambia in -1983 Zambia in , 1990 Zambia in -1993 Zambia in and 1996 Zambia in -2001 . We found no correlation with our under-five mortality estimates, which can be easily understood, since cholera affects primarily adults, and rarely breastfeeding children, the prime age group for under-five mortality.
Our analysis tried to encompass a systematic analysis of mortality trends, discounting for independent epidemics such as HIV/AIDS or malaria, and a systematic analysis of various determinants: economic, social, public health and nutrition. This is probably why our conclusions differ from some of the other authors. Of course, much remains to be done to analyze in details the precise mechanisms, in particular morbidity and mortality by cause, use and access to health services, efficacy of prevention and treatments etc. Similarly, the economic analysis could be much improved by analyzing private consumption of health services and medicines (Berman et al. 1995) . Furthermore, more research could be conducted to analyze mortality determinants according to socioeconomic status and urban or rural residence. In particular, much work remains to be done on the situation of the urban poor, who seem to be the only ones to not have benefited from the overall improvements in the 1990's (Muuka and Kalyalya, 1997) .
